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© Method of converting polycrystalline semiconductor material into monocrystalline semiconductor 
^ material. 
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© In order to obtain recrystallization in polycrystal- 
line or amorphous semiconductor material (4) by 
means of laser radiation (6) having a wavelength to 
which the material (4) is practically completely trans- 
parent at least at room temperature, the layer of 
semiconductor material (4) is accommodated in a 
multilayer structure (2). The multilayer structure (2) 
comprises, besides the semiconductor layer (4), a 
top layer (5) and a first insulating layer (3). The 



thicknesses of the layers (3. 4 and 5) can be so 
chosen that in the structure (2) a sufficient amount of 
radiation is absorbed to rapidly attain recrystalliza- 
tion without the subjacent substrate (10) being ex- 
cessively heated. 
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Method of converting polycrsytalline semiconductor material into monocrystalline semiconductor material. 



The invention relates to a method of converting 
polycrystalline or amorphous semiconductor ma- 
terial into monocrystalline semiconductor material, 
in which on a substrate a layer structure compris- 
ing a layer of polycrystalline* or amorphous semi- 
conductor material between a first electrically in- 
sulating layer and a coating layer is irradiated by a 
radiation source which supplies practically monoch- 
romatic electromagnetic radiation, to which the 
polycrystalline or amorphous semiconductor ma- 
terial is practically completely transparent at least 
at room temperature, the energy being sufficient to 
heat the layer structure in such a manner that the 
polycrystalline or amorphous semiconductor ma- 
terial is converted at least locally into monocrystal- 
line semiconductor material. 

The invention further relates to a device pro- 
vided with monocrystalline semiconductor material, 
which is applied by means of such a method. 

Methods of this kind may be advantageously 
used, for example, in the manufacture of so-called 
three-dimensional integrated circuits, in which, after 
an insuiating layer has been applied,- which pro- 
tects underlying circuits, such as memory matrices 
registers, multiplexers etc., from the influences of 
further operations, again monocrystalline regions 
have to be applied on this insulating layer for 
transistors or other circuit elements. Another field 
of use is, for example, the manufacture of mon- 
ocrystalline semiconductor material on an insulat- 
ing substrate on behalf of opto-electronic elements. 

A method of the kind mentioned in the opening 
paragraph is known from Japanese Patent Applica- 
tion laid open to public inspection Kokai No. 57- 
124423. By means of the method described there- 
in, a layer of polycrystalline silicon located between 
two Si0 5 layers is recrystallized by irradiating it by 
electromagnetic radiation originating from a C0 2 
laser. The wavelength of this radiation is about 10 
urn, to which the polycrystalline silicon is substan- 
tially completely transparent at room temperature 
so that substantially no energy is absorbed herein 
on behalf of recrystallization. 

In general, a radiation source is therefore pref- 
erably chosen which has such a wavelength that 
the semiconductor material sbsorbs a largest pos- 
sible amount of energy, as in the case of poly- 
crystalline silicon for example an argon ion laser. 
On the other hand, the use of, for example, a C0 2 
laser has, apart from the lower absorption in poly- 
crystalline silicon, various advantages as compared 
with the argon ion laser. In the first place, the 
emission is more stable and hence the intensity of 
the emitted radiation is more constant. Besides, the 



power of a CO a laser is considerably higher than 
that of an argon ion laser, while the light output is 
higher. Moreover, the cost price is more favoura- 
ble. In addition, due to the higher power, several 

5 beams can be produced simultaneously by a C0 2 
laser, which is favourable for given applications. 

The invention has for its object to provide a 
method, in which -radiation is used, to which poly- 
crystalline semiconductor material is practically 

w completely transparent, and nevertheless a suffi- 
cient absorption occurs in the layer structure to 
rapidly heat the semiconductor material to tem- 
peratures at which a substantially complete absorp- 
tion is obtained. 

is A method according to the invention is for this 

purpose characterized in that at least 4 % of the 
energy supplied by the radiation source to the 
layer structure is absorbed in the layer structure 
and at most 60 % thereof is supplied to the under- 

20 lying substrate. 

The invention is based on the recognition of 
the" fact that this can be achieved by a suitable 
-construction of the layer structure, especially by 
mutually adapting the thicknesses of the various 

25 layers in such a manner that the first electrically 
insulating layer and the coating layer are rapidly 
heated. As a result, the interposed semiconductor 
material is also heated comparatively rapidly to a 
temperature at which it behaves practically metalli- 

30 calty and absorbs a larger part of the radiation. If 
desired, the whole may be heated more rapidly by 
heating, as the case may be temporarily, by means 
of a heating element. 

A preferred embodiment of a method accord- 

35 ing to the invention is characterized in that the 
coating layer in the layer structure has a thickness 
of practically & X ( and the layer of polycrystal- 
line semiconductor material and the electrically in- 
sulating layer h^ve thicknesses of practically 

40 4L x " ancl \ respectively, where m is 
even, n and n' are odd and X 1 , x" and X m are the 
wavelengths of the electro-agnetic radiation in the 
coating layer, the layer of polycrystalline semicon- 
ductor material and the first electrically insulating 

45 layer, respectively. 

With such a layer structure, an absorption at 
room temperature of about 8% can be reached, 
while only 32 % of the radiation energy is supplied 
to the underlying substrate. In the structure as 

50 shown in Japanese Patent Application laid open to 
public inspection Kokai No. 57-124423, a thickness 
of the coating layer is not mentioned, it is true, but 
with usual thicknesses of this layer still more than 

55 
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about 60 % of the electromagnetic energy is sup- 
plied to the underlying substrate, while with the 
relevant thickness of the coating layer the absorp- 
tion in the layer structure is very low (about 1 %). 

The invention will now be described more fully 
with reference to a few embodiments and the draw- 
ing, in wNch: 

Fig. 1 shows a layer structure suitable for a 
method according to the invention, while 

Fig. 2 illustrates diagrammatically the vari- 
ation as a function of the thickness of the 
layer of polycrystalline semiconductor ma- 
terial of the absorption, the transmission and 
the reflection in such a layer of energy sup- 
plied by a monochromatic radiation source, 
and 

Fig. 3 shows a multilayer structure suitable 
for use of a method according to the inven- 
tion. 

The figures are schematic and not drawn to 
scale. Corresponding elements are generally des- 
ignated by the same reference numerals. 

Fig. 1 shows a device 1 comprising on a sub- 
strate 10 a layer structure 2. The substrate 10 is, 
for example, a silicon body and may comprise, for 
example, finished semiconductor circuits. However, 
the substrate 10 may alternatively consist of elec- 
trically insulating material (glass or sapphire). The 
layer structure 2 in this embodiment comprises a 
first layer 3 of silicon dioxide having a thickness of 
about 1.25 urn, which corresponds to about ix m , 
where X m is the wavelength in silicon dioxide of the 
radiation emitted by a CO, laser (about 10.6 tim in 
vacuo) , and a polycrystalline silicon layer 4 having 
a thickness of about 0.77 urn, which corresponds 
to about i\ where \ a is the wavelength in poly- 
crystalline silicon of such a radiation. The layer 
structure further comprises a coating layer 5 of 
silicon dioxide having a thickness of about 2.5 urn 
corresponding to about £X r , where X 1 is again the 
wavelength in silicon dioxide of the radiation emit- 
ted by a 0O 2 laser, if desired, thin layers (not 
shown) of, for example, silicon nitride may be situ- 
ated between the various layers and these thin 
layers may act as diffusion inhibitors and ensure a 
better wetting or a satisfactory thermal and me- 
chanical adaptation. The overall thickness of the 
double layer comprising an intermediate layer and 
the layers 5.4,3 is again about £X l , -J-x" and $\ m t 
respectively. 



In certain applications, for example, in the man- 
ufacture of so-called three-dimensional ICs or lay- 
ers of polycrystalline silicon applied to electrically 
insulating substrates, it is desirable to convert the 
5 layer 4 completely or in part into monocrystalline 
silicon in order that active elements, such as tran- 
sistors or other circuit elements, can be formed 
therein. 

In accordance with the invention, the layer 

70 structure 2 is irradiated for this purpose by mon- 
ochromatic radiation. 6 originating from a C0 2 laser. 
At room temperature, the layer 4 transmits such a 
radiation "substantially completely, however, so that 
without special steps the desired heating to the 

75 melting point and the subsequent recrystallization 
to monocrystalline silicon require a considerable 
amount of energy and time. A large part of the 
non-absorbed energy may additionally penetrate 
into the substrate 10 and cause damage therein; 

zo thus, if circuits have already been formed, conduc- 
tor tracks may melt entirely or in part due to the 
heating, while out-diffusion may occur in semicon- 
ductor zones due to the increased temperature. 
The layer structure shown here absorbs in the 

25 first instance a sufficient amount of energy in the 
layers 3 and 5. however, to rapidly heat the poly- 
crystalline silicon layer 4 to a temperature of prac- 
tically 800°C. At this temperature (and higher tem- 
peratures) the silicon has a substantially metallic 

30 character for the relevant wavelength and substan- 
tially the whole amount of energy is absorbed in 
the layer 4. This rapid heating of the layer structure 
2 is reached already with an absorption in the layer 
structure 2 from about 4 % of the energy of the 

3S radiation 6 (at room temperature). The process of 
heating can be accelerated by heating the device 
1 , if desired, beforehand by other means, for exam- 
ple by placing the whole on a substrate heater. The 
temperature in the substrate 10 must of course not 

40 increase to such an extent that the aforementioned 
damage occurs. 

Although in the layer structure 2 of Fig. 1 
thicknesses are chosen for the layers 3, 4 and 5 
which are closely related to the wavelength used 

45 for the radiation used, a certain variation is possible 
around these thicknesses, whilst nevertheless the 
condition is satisfied that the absorption is suffi- 
ciently high (4 % or more) and nevertheless the 
transmission of the radiation 6 and hence the part 

so of the energy reaching the substrate 10 remains at 
an acceptable level (< 60 %). 

This is explained with reference to Fig. 2, in 
which for the layer structure 2 the absorption - 
(curve 7), the transmission (curve 8) and the reflec- 

55 tion (curve 9) for the radiation 6 having a 
wavelength of 10.6 urn, respectively, are shown 
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with varying thickness of the intermediate layer 4, 
as obtained at room temperature, it appears from 
the Figur that the transmission is low (< 45 %) 
with a sufficiently high absorption (> 8 %) when the 
thickness of the polycrystaliine silicon varies be- 
tween 0.2X" and 0.3X 11 . 

In a similar manner, a certain spread in the 
thicknesses of the coating layer and the first elec- 
trically insulating layer proves to be possible ar- 
ound the values £X' and i\ n \ respectively, whilst 
the absorption still amounts to at least 4 % with an 
admissible transmission (<60 %). It should be 
noted that between the polycrystaliine silicon layer 
4 and the SiO, layers 3,5 adapted thin layers - 
(about 10-20 nm) may be provided consisting, for - 
example, of silicon nitride. These layers serve on 
the one hand to obtain a satisfactory adhesion 
between the layers and on the other hand to op- 
timize the temperature profile in the layer structure 
or to neutralize mechanical stresses. Moreover, sili- 
con nitride has a satisfactory etching selectivity 
and a chemically inert character. 

In a more general sense, it has been found that 
the aforementioned condition (absorption > 4 % 
with a transmission < 60%) is satisfied when for 
the top layer a thickness of approximately -5 X* 
is chosen, where m is an even number, and when 
for the intermediate layer and the first electrrcaliy 
insulating layer thicknesses of approximately 

5 X M and •^■X tII are chosen, where n and rVare 
odd numbers. 

Fig. 3 finally shows an extension of the mul- 
tilayer structure 2 with a subjacent additional poly 
crystalline silicon layer 12, which is separated from 
a substrate 10 by an additional electrically insulat- 
ing layer 1 1 of silicon oxide. 

The polycrystaliine layer 12 may be, for exam- 
ple, heavily doped and may form part of a wiring 
pattern connecting circuit elements formed in the 
substrate 10 to semiconductor elements to be pro- 
vided in the monocrystalline silicon to be formed. It 
also- holds for this structure that with irradiation by 
electromagnetic radiation 6 originating from a CO* 
laser recrystallization of the layers 4 and 12 occurs 
with thicknesses of the layers 3,4,5, as indicated 
above. A further optimization is obtained by again 
choosing for the layers 11 and 12 thicknesses of 
approximately 1.25 am and 0.77 urn, respectively. 

In a more general sense, for the layers 1 1 and 
12 thicknesses are chosen around values of 
""xiv and^— X v , where n" and n"' are odd, 
while X w and X v are the wavelengths of the elec- 
tromagnetic radiation in the additional electrically 
insulating layer and the additional layer of poly- 
crystaliine semiconductor material, respectively. 



Of course the invention is not limited to the 
embodiment described herein, but various modi- 
fications are possible for those skilled in the art 
without departing from the scope of the invention. 

s For example, in the above embodiment, instead of 
a C0 2 laser, a CO laser or a neodymium-doped 
YAG laser may also be used. Furthermore, other 
semiconductor materials, such as, for example, a 
lll-V material, such as GaAs, may be chosen for 

w opto-electronic applications, or ll-VI materials or a 
combination of GaAs and silicon may be chosen in 
one semiconductor device. If required, a different 
laser may be chosen having a wavelength at which 
the GaAs is practically completely transparent, 

75 suchr as a neodymium-doped YAG laser. Instead of 
silicon dioxide, silicon monoxide may also be used 
both in the intermediate layers and in the coating 
layer. Besides, amorphous silicon may be chosen 
for the layer 4. 

20 

Claims 



1. A method of converting polycrystaliine or amor- 

25 phous semiconductor material into practically mon- 
ocrystalline semiconductor material, in which on a 
substrate a layer structure comprising a layer of 
polycrystaliine or amorphous semiconductor ma- 
terial between a first electrically insulating layer 

30 and a coating layer is irradiated by a radiation 
source supplying practically monochromatic elec- 
tromagnetic radiation, to which the polycrystaliine 
or amorphous semiconductor material is practically 
completely transparent at least at room tempera- 

35 ture, the energy being sufficient to heat the layer 
structure in such a manner that the polycrystaliine 
or amorphous semi-conductor material is converted 
at least locally into monocrystalline semiconductor 
material, characterized in that at least 4 % of the 

40 energy supplied by the radiation source to the 
layer structure is absorbed in the layer structure 
and at most 60 % thereof is supplied to the under- 
lying substrate. 

45 2. A method as claimed in Claim 1, characterized 
in that in the layer structure the coating layer has a 
thickness of practically -^p- X 1 and the layer of 
polycrystaliine or amorphous semiconductor ma- 
terial and the electrically insulating layer have thic- 

50 knesses of practically -jj- .X 11 and -J-jr .X 
where m is even and n and rV are odd, while X X" 
and x 111 are the wavelengths of the electromagnetic 
radiation in the coating layer, the layer of poly- 
crystaliine or amorphous semiconductor material 

55 and the first electrically insulating layer, respec- 
tively. 
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3. A method as claimed in Claim 1 or 2, character- 
ized in that the layer structure between the first 
electrically insulating layer and the substrate has at 
least a double layer comprising an additional elec- 
trically insulating layer and an additional layer of 
polycrystalline semiconductor material present 
thereon. 

4. A method as claimed in Claim 3, characterized 
in that the additional insulating layer and the addi- 
tional layer of polycrystalline semi-conductor ma- 
terial have thicknesses of practically .X^ and 

,X V , where n n and n m are even and X* and 
X v are the wavelengths of the electromagnetic radi- 
ation in the additional insulating layer and the addi- 
tional layer of polycrystalline semiconductor ma- 
terial, respectively. 

5. A method as claimed in any one of the preced- 
ing Claims, characterized in that the electro-mag- 
netic radiation originates from a C0 2 laser or a CO 



laser or an Nd-YAG laser. 

6. A method as claimed in any on of the preced- 
ing Claims, characterized in that the substrate is 

5 beforehand at an elevated temperature. 

7. A method as claimed in any one of the preced- 
ing Claims, characterized in that the substrate com- 
prises a semiconductor body, in which circuit ele- 

w ments are formed. 

8. A method as claimed in any one of the preced- 
ing Claims, characterized in that to obtain a better 
mutual adaptation, the layer structure is provided 

is with at least one intermediate layer between a 
poiycrystalline semiconductor layer and one or 
more of the other layers. 

9. A device provided with monocrystalline semicon- 
20 ductor material which is obtained by means of a 

method claimed in any one of Claims 1 to 8. 
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